The present study investigates the effect of transcranial sinusoidal stimulation (tACS with positive offset in this article defined as so-tCS) on electroencephalogram (EEG) parameters and cognitive performance in healthy participants. It turned out that so-tCS does not have any strong effect on cognitive performance but so-tCS increases EEG power in slow oscillations at electrode position Fz. © Selection and peer-review under responsibility of FET11 conference organizers and published by Elsevier B.V.
Introduction
Within recent research it has been shown that transcranial stimulation has an impact on EEG oscillations characteristics (e. g. power) as well as on memory performance. In 2009 Kirov et al. [1] applied transcranial slow oscillating stimulation (0.75 Hz) with a current of 260 A at frontolateral positions (F3/ F4) in healthy awake individuals. They found an increase of power in slow oscillations at position F7, F8 and Fz (electrode sites closest to stimulating electrodes). Moreover, stimulation enhanced power in the theta and beta frequency band equally distributed across electrode sites. When stimulation was applied during learning subjects showed a better memory performance referring to hippocampal-dependent memories. Nitsche (2008) and colleagues [2] found out that anodal tDCS enhances excitability of superficial cortical neurons and increases regional cerebral blood flow (rCBF) in cortical as well as subcortical areas [3] . Enhancing the excitability of the prefrontal cortex (PFC) (corresponding to F3/ F4 position) by means of anodal tDCS is proposed to result in improved working memory function [4] . Primary endpoint of the study is an increase in slow oscillation (0.4-1.2 Hz) power, at F7, F8 and Fz, as well as on Theta (4-8 Hz) and Beta (15-25 Hz) power across electrode sites. Secondary it is hypothesized that stimulation enhances cortical excitability in PFC, resulting in increased cognitive performance (indicated in improved Digit Span, DSST and PVT test results).
Methods
In this randomized, sham-controlled, double-blind cross-over-trial 20 healthy individuals (10 male) participated. Subjects were divided into 2 groups (10 subjects each group). Group 1 received one stimulating session per day and performed cognitive tests and filled out the questionnaire before and after stimulation. For group 2 we have four assessment time points (pre, post a, post b and post c) as they were treated three times per day with so-tCS. Active and sham stimulation including all cognitive tests, EEG measurement and the questionnaire took place on two different days. In order to exclude long lasting effects of stimulation a wash out time of ten days was scheduled between active and sham stimulation or vice versa.
Stimulation took place during daytime using anodal sinusoidal tCS of 0.75 Hz and 250 A (active stimulation) at position F3/ F4. Placebo (sham) stimulation was done by means of using the study mode that is provided by the manufacturer of the device (DC-Stimulator). Total duration of one stimulation session was 30 minutes. This is 5 stimulating blocks, each lasting 5 minutes, with a one minute break between each block. By means of this procedure six time points for artifact free EEG assessment (pre, int1, int2, int3, int4, and post) were established. Cognitive performance and alertness were evaluated via PVT, DSST, Digit Span and the questionnaire KSS. For EEG recording 11 gold electrodes were placed at Fz, Cz, Pz, C3, C4, P3, P4, F7, F8, T3, T4. Moreover, EOG, EMG and ECG were recorded. The sampling rate of the data was 200 Hz. MATLAB® software (including toolboxes) was used for EEG analysis. After artifact rejection power values for slow oscillations, theta and beta frequency of electrode position Fz and Cz were extracted.
To account for the above mentioned hypothesis two factorial and three factorial repeated measures ANOVAs were calculated by means of PASW® Statistics 18. Analysis was conducted separately for group 1 and group 2. As post-hoc tests Fisher-LSD as well as paired sample t-tests were applied.
Results for group 1 and 2
In the KSS and DSST no significant differences were found for group 1 subjects. Participants assigned to group 1 increased their performance in Digit Span and PVT within time. No statistically significant differences were found for the KSS for group 2. Concerning Digit Span, DSST and PVT alternations in performance over time were found (see Figure 1a for PVT results). In addition, group 2 performed better in PVT sham condition than in active condition (especially for time point pre). Furthermore, a significant difference for active condition between time point pre and post c was found. Power of frequency bands change differently over time and between active and sham condition at Fz (see Figure 1b) . This effect was not found at electrode position Cz.
Discussion
Regarding the results for group 1 an increase in cognitive performance over time due to exercise or habituation to the task was found for PVT and Digit Span. However, there is no statistically significant difference in post performance between active and sham condition. Therefore it can be concluded that one session of so-tCS at frontolateral positions does not have any significant effect on cognitive performance. Within group 2 the same effects of exercise were observed. The more often subjects performed on the Digit Span, DSST or PVT task the better their performance got. With reference to the fact that six subjects received sham stimulation on the first stimulating day and were presumably more motivated to perform better (than on the second treatment day) differences between sham and active stimulation in PVT can be explained. It is interesting to note that subjects increased their performance in PVT test over time only in active condition but not in sham condition. This may be due to exercise or could be interpreted as an effect of stimulation as performance only increased statistically significant over time in active condition. The hypothesis that slow oscillations power increases due to stimulation at sites closest to stimulating electrodes was verified. No significant change in EEG power was observed for the respective type of stimulation (active vs. sham), over time for the different frequency bands at electrode position Cz. Within future analysis it will be clarified if alterations in power are only present at electrode positions closest to stimulating electrodes or can be found across the cortex. To conclude, so-tCS produced changes in EEG power but no statistically significant effects of so-tCS could be observed in cognitive performance.
